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PCT/DBO 0/00244 

WO 00/44895 

«.tl.od and ^dicomenl. Sox Lr^H^^ ^ expression of 
a given gene 

invention relates to metHods in accordance with t^e 
5 preanibles of claims 1 and 2. It furtHerxnore relates to 
a xr^aicaH^ent and to a • use of double- stranded 
oligoiribonucleotides and to a vector encoding tHem. 

such a method i^ Tmovm froia WO 99/32G19, which was 
10 unpublished at the priority date of the pre^^t 
invention. The kno^ process aims at inhibiting the 
egression o£ genes in cells of invertebrates. To this 
end, the double- stranded oligoribonucleotide must 
exhibit a secjuence which is identical with the target 
15 gene and which has a length of at least 50 bases. To 
achieve efficient inhibition, the identical se<?aence 
must be 300 to 1 000 base pairs in length. Such an 
oligoribonucleotide is complicated to prepare. 



20 



25 



30 



PE 196 31 919 C2 describes an antisense BWA. with 
specific secondary structures, the antisense RNA being 
present in the form of a vector encoding it. The 
antisense RNA takes the form of an JlNA molecule which 
is coinplementairy to regions of the mKNA. Inhibition of 
the gene expression is caused by binding to these 
regions- This inhibition can be en^loyed in particular 
for the diagnosis and/ or therapy of diseases, for 
example tumor diseases or viral infections, - The 
disadvantage is that the antisense FNA roust be 
introduced into the cell in an amount which is at least 
as high as the amount of the trtRNA- The known antisense 
methods are not particularly effective . 



US 5,712,257 discloses a medicament comprising 
35 misToatched double- stranded RNA (dsRNA) and bioactive 
joismatched fragments of dsKNA in the form of a ternary 
complex together with a surfactant. The dsKNA used for 
this purpose consists of synthetic nucleic acid single 
strands without defined base sequence. The single 
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^ ,^ri^-rcTO irregular base pairing, also toown as 
strands undergo xrreguj. ^lae to 

^non-Watson-Crick" base pairii^, Slvxng rise t 
Tsmatcl^ed double .«ands. The ^o^ ds^ ^sed to 
ILibit tlie ar^pliflcation of retroviruses such as HIV. 
Cii^i-^ion Of Virus ca. be ^^^^^^^^^^^ 

seqaeace-specific dsl^ is introduced .nto J-^^^ 
Tiiis le^ds to tbe induction of interferon, v^ixclx xs 
intended to iiibibit viral amplification, The inbibitory 
effect, or the activity, of this method is poor. 

It is known from Pire. A. at al., NATUKB, Vol. 391. 
ep 806 that dsBNA whose one strand is complementary 
segnants to a nematode gene to be inhibited inhibits 
the expression of this gene highly efficiently. It is 
15 believed that the particular activity of the dsBNA used 
in nenatode cells is not due to the antisense principle 
but possibly on catalytic properties o£ tHe dsRNA. or 
enzymes induced lay it. - Notliing is insnttoned in this 
paper on the activity of specific dsRMA with regard to 
20 .. inhibiting the gene ea^ression. in particular in 
mammalian and human cells. 



10 



The object of the present invention is to do away with 
the disadvantages of the prior art. In particular, it 
2S is IntMCXded to provide as effective as possible a 
method/ medicament or use for the prepeiration of a 
siedicajnent, which method, medlcanient or use is capable 
of causing particularly effective inhibition of the 
esepression of a given target gene. 

30 

This abject Is achieved hy the features of clalzns x, 2, 
37, 38 and 74 and 7S. Advantageous embodiments can be 
seen from claims 3 to 36, 39 to 73 and 76 to 112. 

35 In accordance with the method- oriented inventions, it 
is provided in e&ch case that the region I which is 
cowpleawntary to the target g^e esehibits not more than 
49 successive nucleotide pairs. 
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provided in accordance with the ^-^^^^ ^ 
• oligoribonucleotide or a v^tor encoding tlxerefor At 
feast segu^ants of the oligoriWucleotid. -^^^^ - 
defined zmcleotida se^xence. The defined segment xnay be 
5 limited to the compleinentaxy region I. However, it xs 
5 iimiTic"* double-stranded 
also possible that all of Che aoucxe 
oligoribonudeotide exhibits a defined nucleotide 

sequence • 

10 surprisingly, it: has emerged that an effective 
iohibitiou o£ the ejcpreBsion gf the target gene can be 
achieved even when the complementary region I is not 
more tlian 49 base pairs iji length. The procedure of 
providing such oligoribonucleotideB is less 

15 coiioplicated. 

in particular, dsBNA with a length of over 
50 nucleotide pairs induces certain cellular 
mechanisiiis, for exarrple the dsKElA-dependont protein 

20 Jcinase or the 2-5A system, in xnainmalian and human 
cells. "This leads to the disappearance of the 
interference effect mediated by tHe dsRNA which 
exhibits a defined sequence. As a consequence, protein 
biosynthesis in the cell is blocked. The present 

25 invention overccanes this disadvantage in particular. 

Furthermore, the uptake of dsKNA with short chain 
lengths into the cell or into the nucleus is 
facilitated markedly over longer-chain dsR^lAs. 

30 

Xt has proved advantageous for the dsSNA or the vector 
to be present packaged into micellar structures, 
preferably in liposomes. The dsKNA or the vector can 
likewise ba enclosed in viral natural capsids or in 
35 chemically or enzymatically produced artificial capsids 
or structures derived therefrom. - The abovexnentioned 
features make it possible to introduce the dsPNA or the 
vector into given target cells. 
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^ ^.-K^r asTiect die dsBNA has 10 to 1 000. 
in a further aspect. cn ^ 

r.-r.efarablY IS to 49, base pairs- thus, 

preferably x cOTlementary to the 

longer tlian the region x, wniwa * ^ 

;L^et gene, O^he co«plen,entary region I can be Iccat^ 
5 aHIe temd^s or inserted into the dsBNA. Such dsi^ 
or a vector provided for coding the san^ can be 
produced synthetically or enzyn^tically by customary 
methods • 

10 The gene to t>e inhibited is expediently e^ressed in 
eukaryotie cells. The target gene can be selected f^om 
the folloving group: oncogene, cytokln gene. Id protein 
gene, developmental gene, prion gene. It can also be 
expressed in pathogenic organisms, preferably in 

15 Plasmodia, it can be part o£ a virus or viroid which is 
preferably pathogenic to huwans. - iSxe loethod proposed 
maJces it possible to produce con^positions for the 
therapy of genetically detsnnined diseases, for ejcample 
cancer, viral diseases or Alzheimer's disease* 

20 - . . 

The virus or viroid can also be a virus or viroid which 
is pathogenic to animals or plant-pathogenic, in this 
case, the method according to the invention also 
permits the provision of coxi\positions for treating 
25 animal or plant diseases. 



Xa a fiirthar aspect, segments of the dsRIWl are designed 
as double-stranded. K region II which is coniroleinentary 
within the double- stranded stmcture is formed by two 
30 separate RNA single strands or by autocoinplementary 
regions of a topologically closed TOWw single strand 
which is preferably in circular form. 

The ends of the dsBNA can be modified to counteract 
35 degradation in the cell or dissociation into the single 
strands- Dissociation takes place in particular when 
low concentrations or short chain lengths are used. To 
inhibit dissociation in a particularly effective 
fashion, the cohesion of the coitiplexnentary region II- 
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w^ch xs caused by tlie i.ucleot:We pairs, c^J^ 

llnl«a.(.). - * ^ liJts 
invention whose dissociation is reduced exhxb.ts 
5 greater stability to enzyinatic and chemical degradation 
in the cell or in the organism;- 

The coinpleiaentaxv region II cai be formed by 
autoconplementary regions of an BNA hairpin loop, xn 
10 particular when u^ing a vector according to the 
invention. To afford protection from degradation, xt is 
expedient for the nucleotides to be chemically niodified 
in the loop region between the double-stranded 
structure. 

The chemical liixkage is expediently formed by a 
covalent or ionic bond, a hydrogen bond, liydrophobic 
interactions, preferably van-der-Waals or stacking 
interactions, or by metal- ion coordination. In an 
20 especially advantageous aspect, it can be formed at at 
■ leakt one, preferably both* end Is) of the cornplementary 
region II. 



15 



It has furthermore proved to be advantageous for the 
2S Ghsmical linkage to be foxmed by one or more linkage 
groups, the linkage groups preferably being 
poly (oxyphosphinicooxy-l , 3 -propanediol) axid/or poly- 
ethylene glycol chains. The chemical linkage can also 
be formed by purine analogs used in place of purines in 
3 0 the cQn^leroentary regions II. It is also advantageous 
for the chemical linkage to be formed by azabenzme 
units introduced into tlie complementary regions ii. 
itoreover, it can be forcaed by branched nucleotide 
analogs used in place of nucleotides in the 
35 complementary regions II. 

It has proved expedient to use at least one of the 
following groups for generating the chemical linkage: 
methylene . blue; bifuncfcional groups, * preferably 
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^ . ^. N-acetyl-N' - (P-glyo^eyl- 

benzoyl) cystaroi^e, ^'^^r^te^^e be foxtned by 
chemical linkage can furttiertnoxe rie 
t:iaophosphx>ryl sxoups provided at the ends of the 

ends of the double-stranded region is preteta^^xy 
by txiple-lieli'^ bonds, 

The chendcal linkage caix expediently be induced by 
10 uitxavioiet ligbt. 

The nacleotides of the dsRNA can be modified. This 
coiant^^acts the activation, in the cell, of a double- 
stranded-BNA- dependent protein kinase, PKR. 

15 Advantageously, at least one 2'-hydroxyl group of the 
nucleotides of the dsRMA in the complementary region II 
is replaced by a chemical group, preferably a 2 '-amino 
or a 2 '-methyl group. At least one nucleotide in at 
least one strand of the complementary region XI can 

20 -also be a locked nucleotide with a sugar ring which is 
chemically modified, preferably by a 2'-o. A'-C 
methylene bridge. Advantageously, several nucleotides 
are locked nucleotides. 

25 A further especially advantageous embodiment provides 
that the dsPNA or the vector is bound to, associated 
with or surrounded by, at least one viral coat protein 
which originates from a virus, is derived therefrom or 
has been prepared synthetically. The coat protein can 
30 be derived from polyomavirus . The coat protein can 
contain the polyomavirus virus protein 1 (VPl) and/ or 
virus protein 2 (VE2) . The use of such coat proteins is 
known from. for example. DB 196 18 797 Al, whose 
disclosure is herewith Incorporated. - The 

. 35 abovementioned features considerably facilitate the 
introduction of the dsSOSlA or of the vector into the 
cell. 
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. -Psid or capsid-cype structure is fo«ned £r^ 
coat protein, one side preferably faca» tKe 

interior of tbe capsid or capsld-type structure. Tho 

construct: fcnoed is particularly stable- 

The dsRNA can be coroplementw to the primary or 
processed BKA transcript o£ the target gene. - The cell 
can be a vertebrate cell or a biman cell. 



10 



At least two dsRNAs which differ from each other or at 
least one vector encoding tHem can be introduced into 
the cell, where at least segments of one strand of each 
dsRNA are coir5>leinantary to in each case one of at least 
two different target genes. This makes it possible 
15 simultaneously to inhibit the expression of at least 
two different target genes, in order to suppress, in 
the cell, the expression of a double-stranded-Fl?A- 
dependent protein kinase. PKR, one of the target genes 
is advantageously the PKR gene. This allows effective 
20 suppression of the PKR activity in the cell* 

"Che invention furthermore provides a medicament with at 
least one oligoribonucleotide with dotible-stranded 
stJTUctirre (dsSNA) for inhibiting the expression of a 

25 given target gene, where one strand of the dsBNA. has a 
region X where at least segments axe contplementciry to 
the target gene. - Surprisingly, it has emerged that 
such a dsBNA. ia suitable as medicament for inhibiting 
the ea^pression of a given gesne in mammalian cells. In 

30 canparison with the use of single- stranded 
oligorib(^ucleotldes, the inhibition is already caused 
at concentrations which ztre lower by at least one order 
of magnitude. The medicament according to the invention 
is highly effective. Lesser side effects can be 

35 escpected. 



The invention furthemore provides a medicament with at 
least one vector for coding at least one 
oligoribonucleotide with double-stranded structure 
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for irihibitiiig nhe e^cpres.ion of a ^^--^ ^^^^ 
taswsiAi * ^ „4= rhe dsiOilR. has a region I 

gene, where one strand of tbe Qsru^.- ^asraet 

5 Lo.«naationed ad^rantages. By using a vector, ^ 
particular production costs caii- bo reduced. 

IX, a particularly aflvantageous embodiment. tHe 
con^le«.en.ary region x not n«re than 49 — 

„uSeotide pair«. - Surprisingly, it has emerged that 
^ effective inhibition of the repression of the target 
gene can he achieved even when the complementary region 
I is not more than 49 base pairs in length. The 
procednre of providing such oligoribonucleotides is 
15 less coi^plicated. 

The invention furthermore provides a use of an 
oligorihonvicleotide with double- stranded structure 
(dsKHA.) for pr^aring a roadicament for inhibiting the 

20 . expression of a given target gene, where one strand of 
the dsSNA has a region I where at least segments are 
conK»l«mentary to the target gene. - Surprisingly, svch 
a dsKNA is suitable for preparing a medicament for 
inhibitixig the es^pression of a ^iven gene. Coiii>area 

25 with the use of aingle-str-anded oligoribonucleotides, 
the inhibition is already caused at concentrations 
which are lower by one order of magnitude when using 
dsHNA. The use according to the invention thus roaXes 
possible the preparation of particularly affective 

30 medicaments. 

The invention furthermore provides the use of a vector 
for coding at least one oligoribonucleotide with 
douhle-stranded structure (dsRNA) for preparing a 
35 medicament for inhibiting the eitpression of a given 
target gene, where one strand of the dsRNA has a region 
1 where at least segments are ooir«)lementary to this 
target gene. - The use of a vector makes possible a 
particularly effective gene therapy. 
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Wit:h regard to advantageous embodiments of th« 
ItSca^Tt of t^e is ™ade to 

descripticai of the above features. 

' U.e examples of the inve..i-cn are -^^^^^^^f^^ 
greater detail Hereinbelow vitH reference to th. 
figures # in "wiiichr 

10 rig 1 shows tUB sch^tic r^resentation of a plasTnid 
for the ±n vitro transcription witlx T7- and 
SPS-poLyxnerase , 

Fig. 2 shows miA following electrophoresis on an 8% 
IS polyacrylamid© gel and staining with ethidium 

bromide r 

Fig. 3 shows a representation of radioactive KNA 
transcripts following electrophoresis on an 8% 
polyacrylajftide gal with 7 M urea by means of an 
instant imager^ and 

Figs, 4a - e show Texas Red and YPP f luorescence . in 
murine fibroblasts . 



20 



25 



ose example X i 

oaie inhibition of transcription was dacacted by means 
of sequence Homologous dsKNA in an in vitro 
transcription system with a nuclear extract: from human 
30 HeLa cells. The DMA template for this esqpeximent was 
plasmid pCMV1200 which had been linearized by means of 
JSainHX. 

Generation of the template -plasmids : 
35 The plasmid shown in fig. 1 was constructed for use in 
the enzymatic synthesis of the dsOTlA. To this end, a 
polymerase chain reaction (PCK) with the -positive 
control DNA* of the HelaScrlbe* UUclear Extract in 
vitro transcription kit by Promega, jJiadisoii., USA, as 
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™^ template was first carried out. one of the priiners 
used caatained the sequence of an Ec^ "^ZJ !l 
o£ tKe T7 KN^ pol^rase promoter - ^ 
se^ence lifting No. 1. ^he other ^^^^ 
se^ence of a Bairfil cleavage site and of the SP6 BNA 
po^erasa proxnoter a. shc^ in sequence li3txng l,o^ 2. 
^ Sedition, the two primers had, at the 3' ends, 
regions which were identical with or con«.lem«ntary to 
tixe DNA template, ihe PCR was carried out by means of 
the "iraff PCF core Kits' by Qiagen. Hilden, Gemany, 
following the manufacturer's instructions. 1.5 t^m 
MgCla, in each case 200 mM dNTP, in each case 0.5 jiM 
primer, 2.5 n Tag DNA polymerase and approxiaoately 
100 ng of ^positive control DNA* were eniployed as 
ten5)late in SCR buffer in a volume of 100 m1. After 
initial denaturation of the template DMA by heating for 
5 minutes at 94«C, ajoplification was carried out in 
3 0 cycles of denaturation for in each case 60 seconds 
at 94»C, annealing for 60 seconds ■ at B-'C below the 
calculated melting point of the primers and 
polymerization for 1,5-2 minutes at 72'C. After a final 
polymerization of 5 minutes at 72«»C, 5 til of the 
reaction were analyzed by agarose-gel electrophoresis - 
The length of the DNA fragment amplified thus was 
25 dOO base pairs, 340 base pairs corresponding to the 
^positive control DNA'- The PCR. product was purified, 
hydrolyzed with sooRX and Bamox and, after 
repurification, enployed in the ligation together with 
a pUCia vector which had also been hydrolyzed by ScoRI 
30 and BaaiBX. E. coll XLl-hlue was then transformed. Ohe 
plasmid obtained (pCMVS) carries a r»iA fragment whose 
5' end is flanked by the T7 promoter and whose 3' end 
is flanked by the SP6 promoter. By linearizing the 
plasmid with BanHI, it con be employed in vitro with 
35 the T7-F1IA polymerase for the run-off transcription of 
a aingle-stranded KNA which is 340 nucleotides in 
length and shown in sequence listing No. 3. If the 
plasmid is linearized with 2eoRI, it can be employed 
for the run-off transcription with SP6 KNA polymerase. 
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giving rise to th. complementary strand. Xn accordance 
with the method outlined hereinabove, en UNA 23 
nucleotides in length was also synthesized. To this 
end, a DMA shown in sequence listing No. 4 vras Ixgated 
5 with the ptJClS vector via the EcoRI and BaxOil cleavage 
sl-tes. ■ 

Plasioid PCMV1200 was constructed as template for 

the in'Trlcro transcription witu HeLa nuclear extract. 

10 TO this end, a 1 191 bp EcoRI/BaniHI fragment of the 
positive control contained in the HeLaScribe* 

Nuclear Extract In vitro transcription J<:it was 
an^lified by means o£ PGR. The amplified fragment 
erxoornpasses the S28 trp ^irmnediate early- CMV promoter 

IS and a 363 t>p transcribatole DNA fragment. The PCR 
product was ligated to the vector pGEM-T via 
^T-overhang" ligation. A BainHI cleavage site is located 
at the 5' end of the fragment- The plasmid was 
linearized by hydrolysis with BaxnHI and used as 

20 tenmlate in the run-off transcription. 

rn-vitro transcription of the con^lementary single 
errands: 

pCMVS plasmid DNA was linearized with 5coRI or BaznHl. 

25 It v^as used as DNA tejrplate for an in- vitro 
transcription of the coitplementetry RNA single strands 
with SP6 and T7 RNA polymerase, respectively. The 
"Rlboprobe in vitro Transcription" system by Promega^ 
Madison, nSA« was employed for this purpose. Following 

30 ths manufacturer's instructions, 2 Mg of linearized 
plasmid mA were incubated in 100 ^1 of transcription 
buffer and 40 TJ T7 or SP6 RNA polymerase for 5-6 hours 
at 31 ^C- The DNA template was subsequently degraded by 
addition of 2.5/11 of KNaae-free DNase RQl and 

35 incubation for 30 minutes at 37 ^C. The transcription 
reaction was made up to 300 m1 With H^O and purified by 
phenol extraction. The RNA was precipitated by addition 
of 150 ^1 of 7 M ammonium acetate [sic] and 1 125 m1 of 



17/01 03 15:37 FAX 613 9883 3090 F.B. RIC E & Co. ^^MfiAl 



- 12 - 

^^^^ at -65«C until USed ' to^ 
etHanol and stoared at 

hybridl nation.. 

o£ the PN?^ rioiibl e strands : 

spun a=»n. r..«lting p.lle= w« 4rn.^ 

taW up 30 Ml of vx^s buffer, S« 6-4 in tHe 

pres^ce of 30% fonoaxnide, 400 riM UaCl and 1 irtM EDTA. 
10 in aaaH case 15 iil of tHe con5)l«nentary single strands 
were combined and baated fpr 10 itiinutes at The 
reactions were subsequently incubated overnight at 50^C 
&xi6. cooled to room tea^eratur e . 

13 Only appiroximately equdxnolar aiaoimts of the two single 
strands were employed in the hybridization. This is why 
the dsMlA preparations contained single-stranded RNA 
(BBKNA) as cantaminant. In order to remove these ssRNA 
Gontaioinants . the reactions were treated, after 
20 hybridization, with the siiagle-strand^spacific 
ribonucleases bovine panireatic BNaae A and Afifperglllus 
oryzae BNase Tl. KNase h is an endoribonuclease which 
is specific for pyrlTtddines. RNase Tl is an 
endoribonuclease which preferentially cleaves at the 3' 

dsJOTA is no substrate for these 
E<Nase treatment, the reactions 
,4, 300 inM NaCl and 5 nM BDTA 



25 



30 



35 



of 10 mg/ml and 2 ill of 
290 /ig/ral. The reaction 
at 30^C. Thereupon, 



20 zEig/ml and 10 nl of 



extraction ana precipit; 
completeneBS o£ the 
reactions were treated 
hybrid! z at ion reactions 



side ot guanosines 
ribonucleases. For the 
in 300 /il Of TrlSi PH 
were treated with 1.2 of M^aseA at a concentration 

PNaseTl at a concentration of 
3 were incubated for 1,5 hours 
he RNases were denatured by 



addition of 5 ul of pro teinase K at a concentration of 



20% SPS and inc\ibation for 



30 minutes at 37 Thn dsMIA was purified by phenol 



ted with ethanol. To verify the 
ElNase digestion/ two control 
with ssRNA analogously to the 
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^ , <^ i«i ul of TB buffer, 

Tiie dried pellet was ta3cen up in 15 M^- 
PH 6 5, and subjected to native poLyacrylandde g.1 
electr;phore.is on an 8% ^.1. acrylamide g.l «a, 

exectroi«i ^ <^ -tliiditim bromide solution 

fiiibaaauontly stained in an •tnicu.wi j-. 

suosa<auBa jf t?4„ 2 shows the KNA which 

5 and -washod in a water bath. Fxg, z snow 

had been visualized ix. a UV trans iHtmdnator , The «en« 
BNA which had been applied t:o lane 1 and the ^^Jf^^^ 
RNX which had beeii applied to lane 2 showed a different 
migration behavior nnder the chosen conditions than the 
10 dsKMA of the hybridization reaction which had been 
applied to lane 3. The ENase-treated sense UNA and 
. anfcisense BNA which had been applied to lanes 4 and 5. 
respectively, produced no visible band. This shows that 
the single-stranded BNAs had beea degraded cooipletaly. 
15 The FNase-treated dsRNA of Che hybridization reaction 
which had been applied to lane 6 is resistant to BNase 
creatment. The band which migrates faster in the native 
gel in con?>arison with the dsBNR. applied to lane 3 
results from dsSOCV which is free from esBNA. In 
addition to the dominant main band, weaker bands which 
migrate faster are observed after tiim SNase treatment. 



20 



Jn-\dtro transcription test with butnan nuclea r extyaeti 
Using the HeLaScribe* Nuclear Extract in vitro 

25 transcription kit by Promega, Madison, USA, the 
transcription efficiency of the abovemantioned DNA 
fragment which is present in plasmid pCMVl200 and 
hotnologoiis to the ^positive control DNA" was determined 
in the presence of the dsKNA (dsRNA-CMV5) with sequence 

30 homology. Also, the effect of the dsPNA withcmt 
sequence homology, which corresponds to the yellow 
fluorescent protein (YFP) gene (dsHNA-YRP) , was 
studied.. This dsRNA had been generated analogously to 
the dsKNA with sequence homology. The sequence of a 

35 strand of this dsEHA can be found in sequence listing 
No. 5, Plasmid pCMVl200 was used as template for the 
irun-off transcription. It carries the "immediate early 
cytomegalovirus pz-omoter which is recognized by the 
eukaryotic RNA polymerase II, and a transcribable UNA 



fragment- Transcription was carried out toy means o£ thQ 
KeLa nuclear esctract, Whicli contains all tha proteins 
^cti are necessary for transcription. By addition of 
[•-^^PJrGTP to the tjranscription reaction, radiolabeled 

5 transcript was obtained. The [.-^^pj^^^P used had a 
specific activity of 40Cr-Ci/niinol, 10 mCi/xnl. 3 ttiK 
MgCl2, in each case 400 ^ rATP, xCTP. rXJTB, 16 iM 
rOTP, 0-4 /in [--^^PlrGTP and depending on the escperiment 
1 fxnol o£ lineari2sed plasmid DNA and various amounts of 

10 dsTmi^ in transcription, buffer were employed per 
reaction, Each batch was made up to a volume o£ 8,5 /zl 
vrith H3O. The reactions were mixed carefully. To start 
the transcription, 4 U HeLa nuclear extract in a volume 
of 4 ill were added and incubated for 60 minutes at 

15 30<>C. The reaction was stopped by addition of B7.5 /tl 
of queneH mix which had been warmed to 30*^C. To remove 
the proteins, the reactions were treated with 100 til of 
phenol/ chloroform/ isoamyl alcohol (35:24:1 v/v/v) 
saturated with TS buffer, pH 5.0, and Che reactions 

20 .ware mixed vigorously for 1 minute. Per phase 
separation, the reactions were spun for approximately 
1 itlinute at 12 000 rpm and th.e top phase was 
transferred into a fresh reaction vessel. Each reaction 
was treated with. 250 Ml of ethanol. The reactions were 

25 mixed thoroughly and incubated for at least 15 minutes 
on dry ice/methanol . To precipitate the SKA, the 
reactions were spun for 20 minutes at 12 000 rpm and 
40*C. The supernatant was discarded. The pellet was 
dried in vacuo for 15 minutes and resuspended in 10 ul 

30 of H2O. Bach reaction was treated with 10 fil of 
denaturing loading buffer. The free OTP was separated 
from the transcript formed by means of denaturing 
polyacrylamlde gel electrophoresis on an 8% gel with 
7 M urea. The lU^A transcripts formed upon transcription 

3S with HeLa nuclear extract, in denaturing loading 
buffer, were heated for 10 minutes at 90^0 and 10 ^1 
aliquots were applied immediately to the freshly washed 
pockets. The electrophoresis was run at 40 mA, The 
amount of the radioactive ssMIA formed upon 
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transcription was analyzed after electropHoresis with 
the aid of an instant JmagBr, 

Fig. 3 Shows the radioactive HNft. from a representative 
5 test, shown by means of the XnstanC Xmaflrex. Sajnples 
obtained from the following transcription reactions 
were applied: 

Lane 1: without template without dsBNA; 

10 Lane 1: 50 ng of template BNa, without dsRN^; 

Lane 3 5 50 ng of template DWA, 0.5 ;tg of dsFNA YFP; 

Lane 4: 50 ng of template DNA, 1.5 Mg of daPNA YPP; 

Lans 5: 50 ng of teit5>late DMA, 3 (ig of d^RNA YFP; 

Lane 6: 50 ng of template DNA, 5 Mg of dsRNA YFP? 
15 Lane 7: without teictplata DNA, 1,5 dsRKA YFP; 

Lane 8; 50 ng of ten^late IDNA, without dsRNA; 

Lane 9: 50 ng of template DNA, 0.5 fig of dsRMA CMVS; 

Lane 10; 5 0 ng of template DNA, 1-5 ^9 of dsFNA CMV5; 

Lane 11: SO ng of ten©late DNA, 3 ^tg of dsFNA OmS} 
20 Lane 12 1 50 ng of t^inplate DMA, 5 ^Ag of dsRNA CMVSj 

It emerged that the amount of transcript was reduced 
markedly in the presence of dsBNA with sequence 
homology in comparison with the control reaction 

25 without dsRNA and with the reactions with dsRMA YPP 
without sequence homology. Ilie positive control in lane 
2 Shows that radioactive transcript was formed upon the 
±n-vitro transcription with HeLa nuclear extract. The 
reaction is used for compaxi^on with the transcription 

30 reactions which had been incubated in the presence of 
dsRNA* Lanes 3 to 6 show that the addition of non- 
sequeutially-specific dsRNA YFP had no effect on the 
amount of trem^script formed. Lanes 9 to 12 show that 
the addition of an amount of between 1.5 and 3 ug of 

35 secjuentially-specif ic dSRNA CMV5 leads to a reduction 
in the amount of transcript formed. In order to exclude 
that the effects observed are based not on the dsRNA 
but on any contamination which might have been carried 
along accidentally during the preparation of the dsRNA, 
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. furmer control wa. carried out. single-stxanded ENA 
waa transcrlt^ed as described abova and subsequently 
subjected to tbe FNase treatment. It ^s demonstrated 
IV u^a^ of native polyacxYlamide gel electropHoresis 
5 that tue ssKs^ Had been degraded conrpletely. THis 
reaction was s^jected to pbenol extraction and etbanol 
precipitation and siobseqaently taken up in PB buffer, 
as were tbfe hybridization reactions, -Shis gave a sainple 
vhich contained no PNA but had been treated with the 
10 saine enzymes and buffers as the dsPNA. Lane 8 shows 
that the addition of this saics)la had no effect on 
transcription. The reduction of the transcript upon 
addition Qf se<3uence-specific dslim can therefore be 
ascribed unequivocally to the dsRNA itself. The 
15 reduction of the amount of transcript of a gene in the 
presence of dsRNA in a human transcription system 
indicates an inhibition of the expression of tbe gene 
in question. This effect can be attributed to a novel 
mechanism caused by the dsRNA- 

20 

use eacaiDple 2 z 

The test system used for these in-vivo experiments was 
the murine fibroblast call line aTCG CKL'1658. 

TOie YFP .gene was introduced into the nuclei with the 

25 aid of microinjection, Bacpression of YFP was studied 
under the effect of simultaneously cotransfected dsKNA 
with sequence homology. This dsRNA YFP shows homology 
with the 5 '-region of the YFP gene over a length of 
315 bp. The nucleotide sequence of a strand of tlie 

30 dsRNA YRP is shown in sequence listing No. 5. 
Evaluation under the fluorescence microscope was 
carried out 3 hours after injection with reference to 
the greenish-yellow fluorescence of the YFP formed- 

35 Construction of tbe template plasmid. and preparation 
of the dsRNA : * 

A plasmid was constructed following the same principle 
as described in use example 1 to act as ten^late for 
the production of the YFP dsBNA by means of T7 and SP6 



/^020 
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A TT^^vnrr tlie primer Ecajr7_YF^ as 

in- vitro transcription. Using ^ - - 

shown ir. se<^e.ce listing No- 7. tj.e 
fragment «as amplified i:y PCR and u^ed analogously to 
5 above description for pr^aring the dsKNA. The 

dsX^lA YFP obtained is identical to the dsSNA nsed xn 
use exanple 1 as non-seqaence-specifio control. 

A dsFNA linked che«d.cally at the 3' end of the »«A as 
no shown in sequence listing No. 8 to the 5' end of the 
conpleirentary SNA via a CIS linker gronp was prepared 
(L-dsM3A) - TO this end. synthons modified by disulfide 
bridges were vised. The 3 '-terminal synthon is bound to 
the solid stjpport via the 3' carbon with an aliphatic 
15 linker arovp via a disnlflda bridge, m the 5' -terminal 
synthon of the complementary oligoribonncleotide which 
is conrplementary to the 3 '-terminal synthon of the one 
oligoribonueleotide, the 5'-trityl protecting group is 
bound via a further aliphatic liiiker and a disulfide 
20 'tai;idge. Following synthasis of the two single strands, 
' renoval ,of the protecting groups and hybridiaation o£ 
the con^jlementaary ol igoribonucleo tides , the thiol 
groups which form are brought into spatial vicinity. 
The single strands are linked to each other by 
25 oxidation via their aliphatic linkers and a disulfide- 
bridge. This is followed by purification with the aid 
of HPLC. 

preparation of the cell cultures ? 

30 The cells were incubated in nMEM supplemenbed with 
4.S g/1 glucose, 10% fetal bovine serum in cultiire 
disbes at 31 under a 7.5% CO2 atmosphere and passaged 
before reaching confluence. The cells were detached 
with trypsin/EDTA. To prepare for microinjection, the 

35 cells were transferred into Petri dishes and incubated 
further until microcoloniea formed. 
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Microin j ection : 

For tHe iciicroinjection, the culture dishes ware reinoved 
from the incubator for approxiinately 10 minutes. 
Approximately 50 nuclei were injected siugly per 
reaction within a inarked area using the AIS 
microinjection system from Carl Zeiss, Gattingeo, 
Germany. The cells were subsequently incubated for 
three .more hours. For the microinjection, borosilicate 
glass capillaries from Hilgenberg GicibK, Malsfeld, 
Germany, with a diameter of less than 0.5 Mm at the tip 
were prepared. The microinjection was carried out using 
a micromanipulator from NarisHige Scientific Instrument 
Lab., Tokyo, Japan. The injection time was 0.8 seconds 
and the pressure was approximately 100 hPa. The 
IS transfection was carried out using the plasmid pCXiNA 
YFP. Which contains an approximately 800 lap BamHX/ScoRT 
fragment with the YFP gene in vector pcDNAB . The 
samples injected Into the nuclei contained 0.01 p.g/iil 
of pCDNA-ypP and Texas Red coupled to dextran-70000 in 
20 14 itM NaCl, 3 mM KCl, 10 iriM KPO4 tsicj r ph 7.5- 
Approximately 100 pi of RNA with a concentration of 
1 fiM or, in the case of the l»-dsRNAr 375 m were 
additionally added- 



25 The cells were studied under a fluorescence microscope 
with excitation with the light of the excitation 
wavelength of Texas Red, S68 nm, or of YFP, 488 nm. 
Individual cells were documented by means of a digital 
earners. Figures 4a-e show the result for NIH3T3 cells. 

30 in the cells shown in Fig. 4a, sense- YFP-ssKNA has been 
injected, in Fig. 4ti ai^tisanse-YFP-ssRNA. in Fig. 4c 
dsRNA-YFP, in Pig. 4d no KNA and in Fig- 4e L-dsRNA. 

The field on the left shows in each case the 
35 fluorescence of cells with excibation at 568 nm'. The 
fluorescence of the same cells at an excitation of 
488 nm is seen on the right. The Texas Red fluorescence 
of all the cells shown demonstrates that tlie injection 
solution had been applied successfully into the nuclei 
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and that cell3 wiUi successful hirs were still alive 
SLr three hours. Dead cells no longer showed Texas 
Red f iTior escenee . 

5 Th^ righTL fields of each of figures 4a and 4b show that 
YFP egression was not visibly inhibited when ^e 
single-stranded BNA was injected into the nuclei. The 
right field of Pig. 4c shows cells whose YPP 
flnoresceace was no longer detectable after the 

10 injection of dsKMA-YFP- Fig. 4d shows cells into which 
no RNA had been injected, as control- The call shown in 
fig. 4e shows YFP fluorescence which can no longer be" 
detected owing to the injection of the L-dsialA which 
shows regions .with sequence homology to the YFP gene. 

15 This result demcoistrates that even shorter dsBNAa can 
be used for specifically inhibiting gene expression in 
mairanals when the double strands are stabilized by 
chemically linking the single strands. 
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Patent Claims 

1 Method for inhibiting tJie egression of a given 
" target gene In a cell where an oligoribonucleot.de 
5 with double-stranded structure (dsRNA) xs 

introduced into the cell. v;hera one strand of the 

dsRNA has a region I where at least segitvents are 

com£>lementary to the target gene. 

characterized in that 
3.0 tlie region I which is coirplementary to the target 

gene has not more than 49 successive nucleotide 

pairs . 

2- Method for inhibiting the expression of a given 
15 target gene in a cell, Where a vector for coding 

for at least one oligoribonucleotide with double- 
stranded structuL^re {dsRNA) is introduced into the 
cell, whQre one strand of the dsBNA Has a region I 
where at least segments are camplementary to the 
20 target gene, 

characterized in that 

nhe region I which is corrqpleinentary to the target 
gene ha© not more than 49 successive nucleotide 
pairs - 



25 



Method according to claim 1 or 2, where the dsRNA 
or the vQctor are enclosed by micellar strucnures, 
preferably by liposomes. 



Method according to one of the preceding claims, 
where the dsKNA or the vector 'is enclosed by 
natural viral capsids or by chemically or 
enzymatically produced artificial capsids or 
structures derived therefrom. 

Method according to one of the preceding claims, 
vftiere the dsRMA has 10 to 1 000, preferably IS to 
49, base pairs. 
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6, Mechod according to one of tlje preceding claims, 
where the target gene is expressed in eukaryotic 
cells - 

5 7. Method according to one of tbe preceding claims, 
where Che target gene is selected from the 
following group I oncogene, cytokin gene. Id- 
protein gene, development gene, prion gene, 

10 8. Method according to one of the preceding claims, 
XA/here the target gene is expressed in pathogenic 
organisms, preferably in Plasmodia* 

9. Method according to one of the preceding claims, 
15 where the target gene is part of a virus or 

viroid. 

10- Method according to claim 9/ where the virus is a 
virus ox viroid which is pathogenic for humans. 

20 _ 

~ 11. Method according to claijn 9, where the vims or 
vixoid is a virus or viroid which is pathogenic 
for animals or phy topathogenic . 

25 12- Method according to one of the preceding claims, 
where segments of the dsKSTA are in double-stranded 
form. 

13. .Method according to one of the preceding claims, 
30 where a region II which is complementary within 

t:he double- stranded structure is fortoed by two 
separate KfcJA single strands or , by 
autocon^lementary regions of a topologically 
closed RNA single strand which is preferably In 
35 circular form. 

14. Method according to one of tJae preceding claims, 
where the complementary region II is formed by 
autocoxqplemenbary regions of an PNA hairpin loop. 
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15- Metliod according to one of the preceding claiiiis, 
where tlie nucleotides are chemically modified in 
the loop region between the doiil^le- stranded 
5 structure to afford protection from degradation. 

16. Method according to one of the preceding claiias, 
vhere the ends of the dsPNA are modified in order 
to coxmteract degradation Ln the cell or 
10 dissociation into the single strands- 

17- Metliod according to one of the preceding claijws, 
where the cohesion of the coirplementary region II, 
which is caused by the nucleotide pairs, is 
15 increased by at least one, preferably two, further 

chemical linkage (s) - 

IS. Method according to one of the preceding claims, 
where the chesnical linkage is formed Icy a covalent 
20 or ionic bond, a hydrogen bond/ hydrophobic 

interactions « preferably van-der-Waals or stacking 
interactions, or by metal-ion coordination- 

19. Method according to one of the preceding claims, 
25 vhere the chemical linJcage is generated at at 

least one, preferably both, ends of the 
complementary region il» 

20. Method according to one of the preceding claims, 
30 where the chemical linkage is foxmed by means of 

one or more compotmd groCips, the compound groups 
preferably being poly (oxyphosphinicooac/- 

1, 3 -propanediol) and/ or polyethylene glycol 
chains • 



35- 



21. Method according to one of the preceding claims, 
Twhere the chemical linkage is formed by purine 
analogs used in the compleraantary regions II in 
the place of purines. 
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22. Matbod according to one of the preceding clainiB. 
where the chemical linlcage is formed by azabenzene 
uaies iatxodaeed into the coa^jlementary regions 
II. 

23. MeUiod according to ono of the preceding claims, 
wlxere the chemioal liiikage is formed by 3Dranc]ied 
nucleotide analogs used in the conglBm<= yn tary 
regions II in th© place of nucleotides. 



24. Method according to one of the preceding claims, 
where at least one of the following groups is used 
for generating the chemical linkage: methylene 
15 blue; bifunctional graups, preferably 

bis ( 2-chloroethyl ) amirie ; u-acetyl-N' - (p-glyoxyl- 
benzoyl) qystamine ; 4-thiourac±l ; psoralene - 

25* llethod according to one of the preceding claims, 
20 where the chemical' linkage is fonned by 

thiophosphoryl groups provided a.t the ezid^ of the 
douhle-stranded region. 

26. ifethod according to one of the preceding claims, 
25 where the chemical linkage at the ends of this 

double-stranded region is formed by tripla-hellx 
bonds » 

27. iiethod according to one of the preceding claims, 
30 where at least one 2'-hydroxyl group of the 

nucleotides of the dsra«?v in the conrpleraentary 
region HI is replaced by a chemical group, 
preferably a 2 '-amino or a 2 '-methyl group - 

35 28. method according to one of the preceding claims, 
where at least one nucleotide in at least one 
strand of the complementary region II is a locked 
nucleotide with a sugar ring which is chemically 
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modified, preferably by a 2'-0, 4 ' -C-metbylene 
bridge . 

29. Method according to one of tHe preceding claims, 
5 where Che dsRNA or the vector is boiind to, 

associated with or surrounded byr at least one 
viral coat protein which originates from a virus, 
is derived therefrom or has been prepared 
synthetical ly . 

10 

30. Method according to one of the preceding claims, 
where the coat protein is derived from 
polyomavirus . 

15 31. Method according to one of the preceding claims, 
where the coat protein contains the polyomavirus 
virus protein 1 (VPl) and/ or virus protein 2 
(VP2) - 



20 _ 32. Method according to one of the preceding claims, 
where, when a capsid or capsid-type structure is 
formed from the coat protein, one side faces tlie 
interior of the capsid or capsid-type structure. 



2S 33. Method according to one of the preceding claims, 
where the dsBNA is complementary co the primary or 
processed ralA transcript of the target gene. 



34- Method according to one of the preceding claims, 
30 where the cell is a vertebrate call or a human 

cell. 



35, Method according to one of the preceding claims, 
where at least two dsRNAs which differ from each 
35 other or at least one vector encoding them are 

introduced into the cell, where at least eegm«lts 
of one strand of each dsRNA are complementary to 
in each case one of at least two different target 
genes. 
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36. Method according to o£ i:lie P^-^^"^ 

,^ere one of the targ-t genes is tlie TO gone. 

5 37 Medicament ^ith at least one oligoribcmucleotide 
«ich dovi.le-scxanded- .t^cture CdsRN^) for 
inhibiting the expression o£ a given target gene, 
^toere one strand of the dsBNA has a region I i«here 
at. least segments are complementary to the target 

XO gerie- 

Medicament with *t least one vector for encoding 
at least one oligordionvclBOtidQ vyitli double- 
stranded structure (dsFNA) for inhibiting the 
15 expression of a givon target gene, ^ere one 

strand of the dsFNA has a region X where at least 
segments are corrplementary to the target gene. 

39. MBdicaiaent according to claim 37 or 38, where the 
20 dsMCV on the vector is enclosed by luicellar 

structures, preferably by liposomes. 



38. 



40- Medicament according to claim 37 or 38, where the 
dsRNA or the vector is enclosed by natural viral 
25 capsids or by chemically or enzymatically produced 

artificial capsids or structures derived 
therefroxa. 



41. Medicament according to one of claims 37 to 40, 
30 Where dsRNA has 10 to 1 000, preferably 15 to 49, 

base pairs. 

42. Medicament according to one a£ claims 37 to 41, 
where the target gene can be ©repressed in 

35 eukaryotic cells. 

43. Medicament according to one of claims 37 to 42, 
where the target gene is selected from the 
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following sroup: oucog^e, cytokiix g^, Id- 
proteia gene, d«v«lopm«nt gene, Pnon gene. 

44 Medicament according to one of claims 37 to 43, 
5 " wher- tHe target g«ne can be expressed on 

pathogenic organisms; preferably in plaBino«lift. 

45 Medicament according to one of claiffla 37 to 44, 
«here tha target gene is part of a virus or 

10 vtroid- 



15 



46. 



Medicainent: according bo claiiti 45, where tlie virus 
is a viirus or viroid wHlch is pathogenic for 



47. Medicament according to claim 45, where the virus 
or viroid is a virus or viroid which is pathogenic 
for animals or plant-pathogenic. 

20 48.. . Medicament according to one of claijna 37 to 47, 
where segment© of the dsK«CA are in double-stranded 
form. 



49. Medicament according to one of claims 37 to 48, 
25 where the complementary region I lias not more than 

49 successive nucleotides. 



50. Medicament according to one of claims 37 to 49, 
where a region II whicli is complementary within 

3 0 the double- stranded structure is formed by two 

separate HNA single strands or by 
auto complementary regions of a topo logically 
closed KiKi single strand which is preferably in 
circular form- 

35 

51. Medicament according to one of claims 37 to 5a, 
where the conrplementary region 11 is formed by 
autocomplementary regions of an BNA hairpin loop. 
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52. Medicament according bo one of claims ^^^J^o J^' 
^ere the nucleotides are chemically modified xn 
the loop region betv^een the douJDle- stranded 
5 structure to afford protecticn from degradation- 

53 nedicainent according to one of claims 37 to 52, 
where the ends of the dsBNA are modified in order 
to counteract degradation in the cell or 
10 dissociation into the single strands . 

54. Medicament according to one of claims 37 to 53, 
where the cohesion of the coinpleKientarY region II, 
which is caused by the complementary nucleotide 

15 pairs, is increased by at least one, preferably 

two, further chemical linkage (s). 

55. Medicament according to one of claims 37 to 54, 
where the cHemlcal linkage is formed by a covalent 

20 ... or ionic bond, a hydrogen bond, hydrophobic 
interactions, preferably van-der-Waals or stacking 
interactions, or by metal-ion coordinatian. 

56. Medicament according to one of claims 37 to 55, 
25 where the chemical linkage is gaaerated at at 

least one/ preferably both/ ends of the 
contplementary region IX. 

57. Medicament according to one of claims 37 to 56, 
30 where the chemical linkage is formed by means of 

one or more coinpound groups, the compound groups 
preferably being poly {oxyphosphinicoo3cy_ 

l, 3-propanediol) and/or polyethylene glycol 
chains . 



35 



58. Medicament according to one of claims 37 to 57, 
where the chemical linkage is formed by purine 
analogs used in the cait^plementary regions II in 
the place of purines. 
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10 

61. 



15 



20 



v,h«e tHe cliemi«.al linkage is formed by az 
^ts inserted i^to conpl^^ary r«g.ons XI. 

Medic««nt according- to one of • claims 37 to 59, 
cWo.1 lix^ge ia fox^ ^ ^^^^ 
Ilieotide analog, used in the cornplein«nta:ry 
regions II in toe plaea of nucleotides. 

Medicment according to one of claioBS 37 to 60. 
where at least one of the following groups is used 
for generating the chemical linJcaga: methylene 
blue; bifunctional groups. preferably bis(2- 
chloroethyl) amine; M-acetyl-N' - (p-glyo;cylbenzoyl) - 
cystamine; 4-thiouracil; psoralene. 

62. Medicament according to one of claijns 37 to 61, 
where the chemical linkage is formed by 
■ " thiophosphoryl grovps provided at the ends of the 
double-stranded region. 



53, Medicament according to one of claims 37 to 62, 
where the chemical linkage are [sic] triple-helix 
25 bonds provided at the ends of the double- stranded 

structure. 

64, Medicament according to one of claims 37 to 63. 
where at least one 2'-hydroxyl group of the 

30 nucleotides of the dsKNA in the coirpl«nentary 

region II is replaced by a chemical group, 
preferably a 2 '-amino or a 2 '-methyl group. 

65. Medicament according to one of claims 37 to 64, 
35 where at least one nucleotide in at least one 

strand o£ the complementary region II is a locked 
nucleotide with a sugar ring which is dhemloally 
modified, preferably by a 2'-0, 4 • -c-methylene 
bridge. 
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claiiDS 37 to 65, 

U„ aeWK or th. v,=t« ^ 
,„o=la,:«I or -«om«ted. ^, « 

oo.. pro.,^ ^'-^ .fr ;4ar^ 

Is derived therefecaft or Has 
synthetically - 

S, «o<li=«»nt accoriing to one of claims 37 to 6S. 
^er. the coat protein i= derived fro» tl.e 
polyoxnavirus - 

68 Medicament according to one Pf claims 37 to 67, 
lere tlxa coat protein contains the polyo^avxrus 

15 virnifl protein 1 IVPl) and/or virus prot«.n 2 

(VP2) - 

69 Medicaiaant according to one of claims 37 to 68, 
wteere, when a capsid or capsid-type structure is 

20 • - f om«d from the coat protein, one side faces the 
interior of the capsid or capsid-type structure. 

70. Medicament according to one of claims 37 to 69, 
where the dsRNA is complementary to the primary or 
25 processed hna transcript of the target gene. 

Medicament according to caxe of claims 37 to 70, 
^bara the cell is a vert^rate cell or a human 
cell. 



71. 



30 



72. Medicament according to one of claims 37 to 71, 
where at least two dsHNAS ^rfaich differ from each 
other or a vector encoding tbem are contained in 
the ffledicaiaent, where at least segments of one 

35 strand of each dsFNA are complementary to in each 

case one of at least two different target genes. 

73. Medicaioent according to claim 72, where one of the 
target genes is the PKR gene. 
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74. 



75. 

10 



15 



20 -77: 



■i^rtfnde witH double-stranded 
^.e of an -li^-™'^!;t^i^ a „edica:.ent for 
structure (ds««V) for ^'^^^ ^^^^^ ^^e. 

wh«re one strand of the ^^^"f ^ ,,,get 

Ose of a vactor for encoding at: least one 
cXlgo^LonupXeotide with eouble-.tra.ded s«uctur. 
(atLx) for preparing a .edica^nt for 
expression of a given targ.t. gene, 
strand o£ the ds«^ ba3 a region X where at least 
s^gtoents are coi.^l«nentary to the target gene. 

use according to claim 74 or 75, where the dsPNA 

^^^m.^ y>\r Ttiicellar structures, 
or the vector is enclosed I>y micsiJ-ai. 

preferably by liposomes. 

use according to claim 74 or 75. ^era the dsRNA 
or the vector is enclosed-hy natural viral capsids 
or by cheniically or anzymatically produced 
artificial capsids or Structures derived 
therefrom. 



25 



78 Use according to one of claims 74 to 77, where 
dsBSUk has 10 to 1 000, preferably 15 to 49, base 
pairs . 

30 79. use according to one of claims 74 to 78, T«here the 
carget gene can ba escpresaed in eukaryotic cells. 

80. UsQ according to one of claims 74 to 79, where the 
target gene is selected from the following group: 
35 oncogene, cytokin gene, id-proteixi gene, 

development gene, prion gene. 
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^= of Claims 74 to 80, where tlie 
target gette can os wvf 



S 82. 
83. 

10 

84. 



ucn-a^" a 

organisms, preferably in plasinodxa. 

^« r,ne of claims 74 to 81, vrhere the 
XJse according to one oi cj-^i^ 

target gene i^ part of a virus or vlroxd. 

1 ao -oAnare the vims is a 
use according to clexm 82, waore 

virus or viroid is pathogenic for huinans. 

use according to cXaim 82. where the vims or 
viroid i« a virus or viroid which is pathogenic 
for animals or plaat-pathogenic. 

15 85, use according to one of clai^ 74 to 84, where 
segments of the dsKNA are in dmable-stranded form. 

use according to one of claiios 74 to 85. where a 
region II which is coitDlementary within the 
• -double-stranded structure is formed by two 
separate PIIA single strands or by 
autocomplementary regions o£ a topologically 
closed FHA single strand which is preferably in 
clrciilar form* 

87. use according to one of claims 74 to 86, wHere the 
con«,l«nentary region il is fo^^ved *»y 
autocetuplemsntary regions of an UNA hairpin loop. 

30 88. use according to one of claims 74 to 87, where the 
mcleotides are chemically modified in the loop 
. region between the double- stranded structure to 
afford protection from degradation. 

35 89. use according to one of claims 74 to 88, where the 
ends of the dsBMA are modified in ordeir to 
counteract degradation in the cell or dissociation 
into the single strands. 



86. 

20 



25 
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15 



X,.e according to one of cla^ ^^^^^ 

t-ine complementary reg^w** 
cohesion of tHe ^ ^cleotida pairs, is 

caused by ^^^"^''"'^^erably two. f^^^^ 

tocreesed by least one, preferacxy 

chemical linkage ( s ) . 

* ^ia4tns 74 to 90, where the 
xTse according to I covalent or ionic 

chemical- linkage ^^^^J'^ " ^.^ interactions, 
v,««ri a hydrogen bond, hydrophobic interact 
bond, a nyo^oa ^^-B^iclna interactions, 

preferably van-dex-Waals or stacking xnter 

or by metal-ion coordination. 

92 USB according to one of clal^ 74 to 91, -^-^^ ^« 
chexuical linkage is generated at at least one, 
preferably both, en^ of the con^lementary regxon 



93. 

20 - 



94. 



25 



30 



35 



U.e according to one of claixas 74 to 92, where the 
Chemical lloJcage is fonned b/ -eans of one or more 
corr5>onnd grov«.s, the ccms^ound groups preferably 
being poly {oxyphosphinicoo^y-l, 3 -propanediol ) 

and/or polyethylene glycol chains - 

use according to one of claim* 74 to 93, where the 
checnical linkage is fortned by purine analogs used 
in the coinplementary regions II in the place of 

use according to one c£ claims 74 to 94. where the 
chemical linkage is fomed by azabenzene .mits 
introdTiced into the complementary regions 11- 

use according to one of claims 74 to 95, where the 
chemical linkage is formed by branched nucleotide 
analogs used in the coirtplementary regions li in 
the place of nucleotides. 

97 use according to one of claims 74 to 96. where at 
least one of the following groups is used for 



95. 



96. 
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, ninkagei metbylene blue; 
generating tlie chemical ^^^^^^^ toisl^-chloro- 
bi&inot ional gro^s ' ^ _ (p_glyo3cylbenzoyll - 
ethyl) amine; ^'^^^ psoralens. 

5 . « •claims 74 to 91. where th^ 

98. use according to one o£ c thiophosphoryl 

cheroical linkage xs i: double- stranded 

group, attached to the ends of th 

region. 

10 * -i=^ms 74 to 98/ -where the 

use according - .he double- 

chemical lin)«g« T>«,T.ix,le-heli3C bonds, 

stranded region is formed by triple hei 

-. TA to 99/ where at 

,S 100. n.. accorai-g « on. of dai™ " J^^^^,^, 

2 '-amino or a 2 '-methyl group- 

20 " " ' - claims 74 to 100, where at 

101 use according to one of claims 74 t:o ' 

least one nucleotide in at least one straxxd of the 
lease o»B -TT ^« a locked nucleotide 

complementary region II a iocjce . 

'•^ ^ ^ • ^v, 4 = eTnemicallY modified, 

with a sugar ring which is ctemicaiiy 

25 preferably by a 2'-0, 4 ' -C-metl>ylene brxdga- 

102. use according to c«ie of claims 74 to 101, v^ere 
the dsBNA or the vector is bound no, associated 
with or surrounded by, least one viral coat 

30 protein which originates from a vims is derived . 

therefrom or has been prepared synthetxoally , 

103 use according to on= of clai^ 74 to 102. wh«e 
the coat protein is derived from polyomav.>n- - 

104 use according to one of claims 74 t.o 103, «We 
" • the coat protein contains the Polyoma^s virus 

protein 1 (VPl) and/or virus protein 2 (vp^J . 
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„f claims 74 to 104» 
105. U=e according to °^^J^ struci:ure forced 

..om U.e coat ^-^^^'^rl^t^,.^., 
of the capsid or capald-type s 

to one of clai^ 74 to 105. wlxere 
X06. use accordxtig to ^„ primary or 

^He dsFNA i= «"«^^T^rTLe target gerxe, 
p^cessed ^ tranacript o£ tlxe targ 

■F claims 74 to 106, where 

tt» e»Ll ia • v«t«braM call 

different target genes. 

*-o claim 108, vdiare o»e of the 
20 -109 .-Use according to claim 

target geaas is the PKR gene. 

^.laims 74 to 109, where 
no use according to one of ciaiitiB 

110. use attiv » .^,.^>,i« into the bloodstream 

the medicament is m^ectable into tuib ^ 
25 or into the interstitium of the organism to 

undergo therapy. 



30 



111. 



112. 



Dse according to one of clai^ 74 to 110 where 
the dsRNA or the vector encoding it are taken up 
into bacteria or microorganisms. 

ase according to one of claims 74 to ^^^'^^^^^ 
the con5.1ementary region I 1«« not more than 49 
successive nucleotide pairs. 
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<1605. 8 

<170> Patent In Ver. 2.1 

<210=. 1 

<2ll> 45 

<212> UNA 

<:213> ^artificial Sequence 



<220> 
<223> 



Description of the artificial -..juencet 

BcoRI cleavage site, T7 ^ Polynu,«se 

protnoter 



«a««i:aa wwtcac catMSW ccas^^Kt: «gaii0 
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17/01 '09 IS: 46 FAX 813 9663 3099 F.B. RICE & Co. 000^/015 

- TTTtn ^ifTTiF FS-*6r-z eSmM* rF-ATOiHijE3rT!SlS-_ 



pCr/DBOO/Q0244 

WO 00/44995 ^ 

<211> 50 
<212> 



<213> 



Artificial Sequence 



<220> axtifieial sequence: 

<223> De3cription of the a^lf ^ polymerase 

BairiHl cleavage site. 

protnotea? 

<:210> 3 
<212> IJMA 

<213> Artificial Sequence 



<220> 
j«2Z3> 



Description of the artificial sequence: 
^ w^cH corresponds to a sequence from .he 
positive control ftlA of the HeLa Nuclear 
L«act in vitro transcription Xlt fro.. 

Pr omega 



ucaga«uc« ag«M,«uuB »K9C:990«U «»«caca9U oaaa».9«xa acg«aa«« a 
^c^^ .^2^ c^ugc^. «c^«c Jf, 
™«««u ^.u^ccggk c^cflsgcc ucuugc^wa ^^ccau 180 
«eg«agu« cua^gfl^i --Scuagcgc uaua»g^n» g«u««««» 740 
r^:^c Z^ucocgg ««™ic «a«cge««-g ^cgc««:c ag«c««cuc 300 
geuuegciwr taiggaBceac ua«cg*ci.4e gegwusauaw 



<210> 4 

<311> 363 

<212> DIIA. 

tf2l3> ■ Artificial Sequence 



<22Q> 
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<223> 



• H^«r, o£ the artificial aegaence. 
Description o£ tne a geouence from tiie 

Which corresponds to a ^^^^ ^^^^^ 
positive control DNA of 
Ltract in vitro tranacrlptxon kxt 



PromeSa 



aaaa«c«« a«s«^a^ .«««a^r caaact^ta «^c«ccag M 

t «~ : i;: 

s:::::^ rrcT."^ — : c:^.::: 

c«c9C9«c «=9C*c«w ^ffcact^cc sa*cg««B gccsc^c "J 
;«tStac .t«a9cc« ta^gac^- 9«ac«.gg csa«c«acc cg.«:cgt« 360 

&ce ] 

<210> 5 

«:211> 315 

<:212:^ RNA. 

<213> Artificial Sequence 
<220> 

<223> Description of the artificial sequence: 
Sequence from the YFP gene 

<4aQ> S I 

Auggugagca ^gggesagffa gcwsuuc^c woguOT^c ecauccuggu c^^cxiggac 60 
g^gacffuaa acogc'caeaa giMic«ge»ug ucBracffagg' ^Ogag^STCga ugccnccuaq UO 
ggciiascuga ciscuflaaguu casicugcBCC accggcaagc ugeccgugc© euggccs«= IM 
cucgusMca cecugaccua eggcgugrag ugcweagcc gcuaccccga ceacaxigM^ 240 
wrcacgacu uisviucaaguc cgccaagcfec gwgcuac^ uccaggftgeg c^ccnuduucs 3oo 
uticaaggaeg acggc j 



<210> 6 

<211> 52 

<212> DNA 

<213> Artificial Sequence 



<22 0> 
<22Z> 



Description of the artificial sequence. 
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PCT/DBOO/ 00244 

EcoRI '^^^^'^^^ ' ^gion to the gene 
promoter, coinpletnentaty «3 

t 

* .-«i««,tfL aWSagca aOTffCsaSS* ffc 

ggoa^sesaB fc»C9»et«»e B»caag9e0a « 



<2X0> 

<211> 53 
<213> 



DNA 

Artificial sequence 



c220> 
<223> 



-^i-^on of tHe artificial sequence. 
BairiHI cxeavage site, fir 
promoter. can^l«.entery region to the YFP S*n^ 

I 

ca^,.^ ^^^^ 



<211> 21 
<212> RNA 

<213> Artificial Sequenca 



<220> 
<223> 



<40D> 8 



Deso^iptioa of the artificial sequence, ^ 
BNA which corresponds to a sequence from the 
YFP gene 



2X 
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' . . xrn pcI/DSOO/ 00244 

i. intro*.=^ into^ - ^ ,„„l«^tary to 
the dsBHA ^ * region 
the target gene, 

dba«cterizad In ^^^^^ l^as «ian 25 

cue complementary region 
15 successive nucleotide peire. 

t^j-, T Where ^.tio dsFNA is 
2 MetHod according to clainv 1, where 

enclosed by »icellar structures, preferably by 

liposomes. 

" . .=co.ai», .o .ith« «t ^j';;::^^ 

^ ^ ^«sT«ft. is enclosed by naturaj. 

cTaims, where the dsSNA ^ ^^^„n„ 

«««sids or by cWcally or enzymatically 
viral capsids or oy structures derived 

produced artificial capsids or struct 



25 



therefrom. 



4. 



M^^hod accordixig to one o£ the preceding claiios, 
Me^od accorauisj „^reased in eukaryotic 

vhere the target gene is exprassea in 



cells, 



30 



3S 



«-n,» n£ the preceding claims, 
5. Method according to one "^f'^J 
where the target gene is sale 
following groupr oncogene, cytokin g 
protein gene, development gene, prion gene. 

^thod according to one of the P^f 

where the target gene is expressed m pathogenic 

organisms, preferably in Plasmodia.. 

jvMBNDED SHEET 
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7. 



8. 



10 



liothod according t:o one of U« P ^ ^^^^ 

Where tlie target g«ie Is part 

viroid. 

7 where the virus is a 
Method accorditxg to cla^u 7' 
virus or viraid which is pathogenxc 

^ ^ir,i«i7 Where the virus or 

for a^wals or phytopathogenic 

_ i.>,e preceding claima/ 
Method according to one of P 
where segmaatB of the dsRNA are m <aouD 



10. 

form. 



20 



35 



the- preceding claims, 
11. Mathod according to one of the P 

„l^e the ends of tbe dsRNA axe modxf xed xn 
to counteract degradation the cell 

dissociation into' the single strands. 

"l2 Method according to one of the preceding claims 
^ere the cohesion of the douhle-etranded 
structure, which is caused hy the co^lementar. 
nucleotide pairs, is increased by at least one, 
preferably two, further chemical linicage(B) . 

Method according to one of the preceding claixns 
where the chexnical linkage is fomed by - "-^^^"^ 
or ionic bond, a hydrogen bond. hydrophobic 

n -u-i , HPSiri-c^er-v7aals or stacking 
interactions, preferably van-«iai: waaj. 

interactions, or by inetal-ion coordination. 

Method according to one of the preceding claims 
where the chemical linkage is generated at at 
^ ^, i^ft^ f^nda of the double- 
Xeast one, preferably both, enOfi 

Stranded structure. 



25 

13 

30 or 



Mtfgwngp SHEET 
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Metnod according to one of precedwig clalxos, 

wbere the chemical lipfcaga i» «o™<a by ine»8 of 
one or more coH«>o.ind groups, the coiiSHSMnd groups 
preferably b«xng poly(oxyphospliiz.icooxy- 

l,3^propan«aiol) a«d/or polyethylene glycol 
chains * 

16 Method according to one of the preceding claijna, 
vhere the chemical linkage is fozmed hy purine 
analogs usad in the doiible-stranded structure in 
place of purines. 



17. Method according to one of the preceding claims, 
where the chemical linkage is formed by azabenzene 
15 units introduced Into the double -stranded 

struct^ur e . 



18- Method according to one of the preceding claims, 
where the chemical linkage is formed by branched 
nucleotide analogs used in the double-stranded 
. structure in place of nucleotides - 

19. Method according to one of the preceding claims, 
where at least one of the following groups is used 
fox generating the chemical linkage: methylene 
blue; bifunctional groups, preferably 
bis C2-chloroethyl) amine; N-acetyl-N ' - (p-glyoxyl- 
benzoyl) cystamiue ; 4-thiouracil ; psoralene . 

20. Method according to one of the preceding claims, 
where the chemical lixikage is formed by 
thiophosphoryl groups provided at the ends of che 
double- stranded structure. 

21- Method according to one of the preceding claims, 
where the chemical linkage at the ends of the 
double-stranded scxucture is formed by triple- 
helix bonds. 

i^MBNDED SHEET 



17/01 ' 03 15:48 FAI 613 9663 3099 F.B. RICK & Co. ©001/015 

ITTiOl 'OjTivfa PUL St 6r2Sll23« IP AUSTRALIA SM£S _ Qg05S/069 



22. 



- 4 - 

Mathod according to one o£ tHe precacUng clainis. 
wl^ra at le^st one 2'-l.yarcxyl group of Uxe 
xxudeotidas of tlie dsRNA in tbe double-auranded 
S structn^e is re5.1.ced a chemtc.l group, 

preferably a 2' -amino or a 2'-metliyl group. 

23 Method accordioag to one of tHe preceding claims, 
wixare at least one nudeotidQ in at least one 
10 strand of the double-stranded structure xs a 

locked nucleotide with a sugar ring which is 
chemically modified, preferably by a 2'-0, 4'-C- 
xnethyler»« bridge. 

15 24. Method according to one of th« preceding claims, 
whex« the dsBNA is bound to, associated with or 
surrounded by, at least one viral coat protein 
which originates from a virus, is derived 
therefrom or has been prepared synthetically. 

20 

-25 -Method according to one of the preceding claims, 
where the coat protein is derived from 
polyomavirua , 

25 26. Method according to one of the preceding claims, 
vdiere the coat protein contains the polyomavirua 
virus protein 1 (VPl) and/or virus protein 2 
(VI'2) . 

30 27. Method accordiTig to one of the preceding claims, 
where, when a capsid or capsid-type structure is 
formed from the coat protein, one side faces tbe 
interior, .of the- capsid or capsid-type structure. 

35 28. Method according Co one of the preceding claims, 
where one strand of the dsRNA is complementary to 
the primary or processed FNA transcript of the 
target gene. 

AtOSSQDSD SHEET 
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««tbod accore±ng to oxxe of cHe pr 

t:be cell is a vertebrate cell o 



29. 

■where the 
cell 



30. 



10 

31. 

15 

32. 



20 



25 



30 34. 



35 

3S. 



.*>er» at least B«o a=«as ,^ ^.^^ 

ar. in«o*.ced ^"'"'J'^^r i^B^ „. 

-.^«rLts of one strand o£ 

different target genes. 

Method according to one of tl.e precediaig claims, 
where one of the target g«»es is the PKR g«ie. 

MBdican^t with at least oxxe oligoribonucleotid^ 
with double-stranded structure (dsRllA) formed by 
two separate 3i:ngle strands for inhibiti.^ the 
.^.ession Of a given target gene, where one 
strand of the dsRM^ has a region ^icn a.s 
• coinpleKientary to the target gene, 
characterized in that 

the coirvplementary region has less than 25 
sniccesBive nucleotide pairs. 

. medicament according to claim 32, where tHe daRN^ 
ia enclosed toy .nioellar structures, preferably by 

liposomes . 

Medicament according to either of claims 32 or 33. 
where the dsRNA is enclosed by natural viral 
capsids or by chemically or enzymatically produced 
artificial capsids or structures derived 
thecefrom. 

Medicament according to one of claims 32 to 34, 
where the target gene can be expressed in 
eulcEiryotlc: cells. 

AME^BD SHEET 
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36 Medicaiuexit according to oae of claims 32 to 35, 
where tiie target gene is selected from tHe 
following group: oncogene, cytokin gene, Id^ 
protein gene, development gene, prion gene- 



10 



37 



38. 



Medicament according to one of clalicis 32 to 36, 
where tbe target gene can be e^cpressed in 
pathogenic organisms, preferably in Plasmodia. 

Medicament according to one of claims 32 to 37, 
where the target gene is part of a virus or 
viroid. 

15 39. Medicament according to claim 38, where the virus 
is a virus or viroid which is pathogenic for 
hvouans. 

40. Medicament according to claim 33, where the virus 
20 or viroid is a virus or viroid which is pathogenic 

- - for animals - 

41. Medicament according to one of claims 32 to 40 , 
where segments of th© dsKNA are in double- stranded 

25 fo2:m. 

42. Medicament according to one of claims 32 to 40, 
where the ends of the dsRNA are modified in order 
to counteract degaradation in the cell or 

30 dissociation into the single strands. 

43. Medicament according to one of claims 32 to 42, 
vhere the cohesion of the double-stranded 
structure, which is caused by the complementary 

3S nucleotide pairs, is increased by at least one, 

prefer-ably two, further chemical linkage (s) . 



J^blSNDED SHHBT 
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45. 



46. 



44. according to on. =1^ 

where ohe^id ««.»^ '^j^^Mc 

. teofid a hydrogen bona' ny« 

or xonxc ^^'^^ ^an-der-Waals or st:acking 
interactions/ pre£ei?ax.J.y ^^^^tion 
interaci^ions, or by Tne^al-ion coord^natxon. 

•..ere -e^^^ ^^^^ J aoubl.- 

least one, preteraoiy 
stranded stractiire, 

«eaica..eni. accoraing to one of ^^^^J^^^'j^ 
^ixere .^emical linkage is fo^ed of 

one or more confound groups, tlxe cons^ound groups 
15 preferably being poXy (o^Hosphinicoo^- 

l/S-propanediol) and/or polyethylene glycol 
chains. 

47 MBdicaunent according to one of claims 32 to 46, 
20 ^here the cubical linkage is formed by I«arine 

- analogs used in the double-Stranded structure in 
place of purines. 

48 Medicament according to one of claims 32 to 47, 
25 where the chemical linkage is formed by azabenzene 

units inserted into the double-stranded structure. 

49 Medicament according to one of claims 32 to 48. 
where the cbemical linkage is formed by branched 

30 nucleotide analogs used in the double- stranded 

structure in place of nucleotides. 

SO. MedieaniBnt according to one of claims 32 to 49, 
where at least one of the following groups is. used 
35 for generating the chemical linkage: methylene 

blue, bifunctional groups, preferably bis(2- 
chloroethyl) amine; N-acetyl-N' - (P-3lyo=<ylbenzoyl) - 
cystamine; 4-thiouracil; psoralens. 

i^XEfgaSED SHEET 
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51. Mediaaxoent according to one of claims 32 to SO, 
where tlie chemical linkage is formed by 
thiophosphoryl groups provided at the ends of the 

5 double- stranded stxructure. 

52. Medicament acdording to one of claims 32 to 51, 
where the chemical linkage are [sic] triple-helix 
bonds provided at the ends of the double- stranded 

10 structure. 

53. Medicament according to one of claims 32 to 52, 
where at least one 2'-hydroxyl group of the 
nucleotides of the dsRNA in the doiable-snranded 

15 • structure is r^laced by a chemical group, 

preferably a 2 '-amino or a 2 '-methyl group. 



54. Medicament according to one of claims 32 to 53, 
where at least one nucleotide in at least one 
20 strand of the double- stranded structure is a 

- " locked nucleotide with a sugar ring which is 
chemically modified, preferably by a 2'-0, 4'-C- 
methylene bridge . 

25 55. Medicament according to one of claims 32 to 54^ 
where the dssmA is bound to, associated with or 
surrounded by, at least one viral coat protein 
' which originates from a virus, is derived 
therefrom or has been prepared synthetically, 

30 

56. Medicament according to one of claims 32 t;o 55, 
where the coat protein is derived from the 
polyomavianis . 



35 57. Medicament according to one of claims 32 to 56, 
where the coat protein contains the polyomavirus 
virus protein 1 (VPl) and/or virus protein 2 
(VP2) . 

ASCENDED SHEET 
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58, 



59. 



Medicament: according to one of claims 32 to 57, 

whore, wl^en a capsid or --^-^^'^^^TTZ^ 
foxiued froxa the coat prot^ein, cme side faces the 
interior of the capsid or capsid-tjTPe structure. 

Medicament .cbordi-^ to one of claims 32 to S8 
where one strand of the dsI«NA is cons>leiD«xtaxy to 
tixe priory or processed RSA transcript of the 
10 l^arget srene. 

Medicament according to one of claims 32 to 59. 
Where the cell is a vertebrate cell or a h«ji>an 
cell. 

Medioament according to one of claims 32 to 60, 
where at least two dsiaiAs which differ from each 
other are contained in the medicament, where at 
least segments of one strand of each dsBHA are 
conplementary to in each case one of at least two 
" different Xarget genes . 

Medicament according to claim 61, where one of the 
target genes is the PKR gene. 



15 



60. 



61 < 



20 



62. 



25 



63. Active ingredient with at least one 
oligoribonucleotide with double-stranded structure 
(dsKNA.) formed by two separate RNA single strands 
for inhibiting the expression of a given target 

30 gene, where one strand of the dsRNA has a region 

which is coitipleaanentary to the target gene, and 
where the target gene is part of a phytopathog«nic 
virus or viroid, 
characterized in that 

35 the cotnplemeatary region has less than 25 

successive nucleotide pairs. 



AHHMDBD SHEET 
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65. 



66. 

10 



15 



68. 

20 



2S 
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Active ingredient according to claim 63, where the 
target gene can be expressed in eukaryotic cells. 

Active ingredient according to claim 63 or 64, 
«bere segnients of the dsRNA are in doutole-stranded 
form. 

Active ingredient according to one of daiitis 63 to 
65, ^eire the ends of the dsiCNA are modif:.«d 
order to counteract degradation in the cell or 
dissociation into the single strands. 

67 Active ingredient according to one of claims 63 to 
S5, Where the cohesion of the doi*le- stranded 
structure, ^dh is caused by the compleinentarY 
nudeotids pairs, is incxeassd by at least one, 
preferably two, further chemical linkage Cs). 

Active ingredient according to one of clalins 63 to 

67, where the cheinical linkage is formed by a 
- ■ -covalant or ionic bond, a ■ hydrogen bond, 

hydrophobic- interactions, preferably van-der-waals 
or stacking interactions, or by metal-ion 
coordination . 

69. Active ingredient according to one of claims 63 to 

68, where the chemical linkage is generated at at 
least one, preferably both, ends of the doiible- 
stranded structure. 



30 



70. Active ingredient according to one of claims 63 to 
69, where the chemical linkage is formed by means 
of one or more compound groups, the compound 
groups prefereOaly being poly (oxyphosphinicooxy- 
35 1,3-propanediol) and/or polyethylene glycol 

chains . 



AMENDED SHEET 



17/01 -03 ISiiO'AX eu 9663^98^, ^i^^MiA^liii^ 



X7/U 1 -03 14!14 -FAX' +«1 2 



10 



15 



- 11 - 

71. Active ingredient according to one of claims 63 to 
70, wher« tHe dlxemical linkage is forxned by puxiu« 
analogs used in the double-stranded atin^cture in 
place of puxines. 

72 Active ingredient according to one of claims 63 to 

71 where the chemical linkage is formed ty 
azrfaenxene «xits inserted into the double-strand-d 
structure . 

73 Active ingredient according to one of clain« 63 to 

72 where the chemical linkage is formed by 
branched nucleotide analogs nsed iB the donble- 
stranded structure in place of nucleotides. 

74 Active ingredient according to one of claims 63 to 
73, where at least one of the following groups is 
used for generating the chemical linkage: 
methylene blue; bifunctional groups, preferahly 

20 bis (2-chloroethyl) amine; N-acetyl-N' - (p-glyoxyl- 

. . . benzoyl) oystamine; 4-thiouracil; psoralene. 

75. Active ingredient according to one of claims 63 to 

74, where the chemical linkage is formed by 
25 thiophosphoryl groups provided at the ends o£ the 

double-stranded structure. 

76. Active ingredient according to one of claims 63 to 

75, where the chemical linkage are triple-helix 
30 bonds provided at the ends of the double- stranded 

structure . 

77. Active ingredient according to one of claims 63 to 

76, where at least one 2'-hydroxyl group o£ the 
35 nucleotides o£ Che dsBNA in the doiible- stranded 

structure is replaced by a chemical group, 
preferably a 2 '-amino or a 2 '-methyl group. 



KMSXmBD SHEET 
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78. Active ingredie^t according to one of claiins 63 to 
77. where at least one nucleotides at least cme 
strand of the double- stranded structure is a 
locked nucleotide with a sugar ring whicb^ is 
5 chemically modified, preferably by a 2'-0, 4'-C- 

netliylene bridge. 

79 Active ingredient according to one of claims 63 to 
78 where one strand of the dsB«A is complementary 
10 to' the pri«u«v or processed SN;. transcript of the 

target gene. 



80. 

15 



Active ingredient according to one of eleiiriB 63 to 
79, where at least two dsRNAs which differ from 
each other are eontained in the active ingredient, 
where at least segments of one strand of each 
dsKNA are complementary to in each case one of at 
least two different target genes. 

20 81. use of an oltgoribonucleotide with double-stran«aed 
- ■ structure (dsBNA) formed by two separata RNA 
single strands or preparing a medicamsnt or active 
ingredient for inhibiting the expression o£ a 
given target gene, where one strand of the dsHNA. 
has a region which is con?>lementacy to the target 



25 

gene, 

characterized in that 

the coinplementary region has less than 25 
successive nucleotide pairs. 

30 

82. Use according to claim 81. where the dsPNA Is 
enclosed by mi cellar structures, preferably by 
liposomes . 

35 83.- Use according to either of claims 81 or 82, where 
the dsRNA is enclosed by natural viral capsids or 
by chendcally or enzymatically produced artificial 
capsids or structures derived therefrom. 



- 13 - 

84. Use according to one of daiaas 81 to 83, whera the 
target gene can be e^ressed in evikaryotic cells. 

S 85. Use according to one of claims 81 to B4, where the 
target gene is selected from the following gro^p: 
oncogene, ^= cytoWji gene. Id-protein gene, 
development gene, prion gene. 

10 86. use according to one of claiina 81 to 85, where the 
target gene can be eacpressed in pathogenic 
organisms,* preferably in Plasmodia. 

87. Use according to one of claims 81 to 86, where the 
15 target gene is part of a virus or viroid. 

88. use according to claim 87, where the virus is a 
virus or viroid which is pathogenic for humans . 



20 89. Use according to claim 87, where the virus or 
_ . viroid is a virua or viroid which is pathogenic 
for animals or phytopathogenic. 



90. 



Use according to one of claims 81 to 89, where 
25 segments of the dsRMA are in doxoble- stranded form. 

91, TTse according to one of claims 81 to 90, where the 
ends of the dsBNA are modified in order to 
counteract degradation in the cell or dissociation 

30 into the single strands. 

92. Use according to one of claims 81 to 91, where the 
cohesion of the double- stranded structure, which 
is caused by the complementary nucleotide pairs, 

35 is increased by at least one, preferably two, 

further chemical linlcage(s) . 
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94. 



10 



95 



IS 
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use according to one of claiinfi 81 to 92, vHare the 
cHendcal linkage is formed J>y a covalent or ionic 
bond, a Hydroflen bond, hydrophobic interactions, 
preferably van-d-r-Waals or stacking interactions, 
or by metal-ion coordination. 

use according to one of claims 81 to 93, «here the 
chemical linkage is generated at at least one, 
preferably both, ends of the double-stranded 
structure • 

use according to one of claims 81 to 94, where the 
chemical linkage is .formed by means of one or more 
compound groT^a, tl^e compound groups preferably 
being poly (oxyihospHii^i'^oo^-l' 3-P±ropanediol) 



97, 



25 



and/ or polyethylene 



glycol chains. 



9S. Use a 



ccording to one of claims 81 to 95, inhere the 
fonned purine analogs used 



chemical linkage is 



in the 
purines * 



double-strinded structure in place of 



one 



Use according to 
chenacal lin3cage 
introduced into the 



98. 



oile 



30 



Use according to 
chemical linkage 
analogs used in 
place of nucleotides 



xs 
the 



is 



of claims 81 to 96, vhere the 
formed by azabenzene imics 
double-stranded structure. 



o£ claims 81 to 97. where the 
formed by branched nucleotide 
double-stranded structure in 



99- 



35 



use according to one of claims 81 to 98, where at 
least one of the following groups is used for 
generating the chemical linkage: methylene blue; 
hifunctional groups . preferably bis (2-chloro- 

ethyl) amine ; N^acetyl-N' - (p-^glyoxylbenzoyl) - 

cystamine; 4-thiouxacilj psoralene. 
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100 use according to ona "of claijBS 81 to 99. wliare the 
cWcal linkage is fonoed by tbiopliosphoryl 
groups attached to the ends of the double- stranded 
structure. 

^ 101 use according to one of claims 81 to 100. where 
the chemical linkage at the ends o£ the double- 
stranded structure ; is formed by triple-helix 
bonds . 

10 

102 Use according to one of claims 81 to 101, wHere at 
least one 2'-hydroxyl group of tHe nucleotides of 
the dsRNA in the double-stranded structure 'is 
replaced by a chemical group, preferably a 
15 2 '-amino or a 2 '-methyl group. 

103. use according to one o£ claims 81 to 102. where at 
least ona nucleotide in at least one strand o£ the 
double- stranded structure is a locked nucleotide 
with a sugar ring vhich is chemically modified, 

. -preferably by a 2 '-6, 4 • -C-methylene bridge. 

104. use according to one of claims 31 to 103. wKere 
the dsSNA is bound to, associated with or 
surrounded by, at least one viral coat protein 
vhich originates from a virus, is derived 
therefrom or has been prepared synthetically, 

105. use according to one of claims 81 to 104. where 
• the coat protein is derived from polyomavirus . 

lOS. use according to one . of claims 81 to 105, where 
tbe coat protein contains the polyomavirus virus 
protein 1 (VPl) and/or virus protein 2 (VP2) . 

107. Use according to one of claims 81 to 106, where, 
when a capsid or capsid-type structure is formed 
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from the coat protein, , one side faces the intarior 
of the eas)8i<a or capsid-type structure. 

108. Uaa according to one of claims 81 to 107, where 
one strand of tlie dsRNA is corr^plementary to the 
primary or processed RM& cranscript of the target 



109. Use according to one of claims 81 to 108. where 
10 tlie cell is a vertebrate cell or a human cell, 

110. Use according to one of clainis 81 to 109, where at 
least two dBWms which differ from each other are 
used, where at least sagmants of one strand of 

15 each dsBNA are complemeataKy to in each case one 

of at least two different target genes. 

111. Use according to claim 110, where one o£ the 
target genes is the PKR gene. 



20 

112 



use according to one of claims 81 to 111, where 
the medicament is injectable into the bloodstream 
or into the interstitium of the organisro to 
undergo therapy. 

25 

113. Use aecor<aing to one of claims 81 to 112, where 
the dsRNA is taken vqp into bacteria or 
microorganisms . 

30 114. Use of a vector for coding at least one 
oligoribonucleotide with double- stranded structure 
(dsKMA) formed by two separate BHA single strands 
for preparing a medicament or active ingredient 
for inhibiting the ajqpression of a given target 

35 gene, where one strand of the dsRNA has a region 

which is con?)lementary to the target gene, 
characterised in that 
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tlie oCTiipi satmmT\ fim-ry xres'icni lias less tJian 2S 
successive nucleotide pairs. 



115. Ose according to claim 114, where ttie target geue 
5 cao be e^ressed ixx eukaryotic cells. 

116. Use according to claim 114 or 115, where tlie 
target gene is selected from the following group: 
oncogene* cytokin gene. Id-protein gene, 

10 development gene^ prion gene. 

117. Use according to one of claims 114 to 116, where 
the target gene can he eu^iressed in pathogenic 
organisms, prd£eral>ly In Plasmodia. 

15 

118. Use according to one of claims 114 to 117, where 
the target gene is part of a virus or viroid. 

119. Use according to claim 118/ where the virus is a 
20 virus or viroid which Is pathogenic £or humans. 

120. Use according to claim 118, where the virus or 
viroid is a virus or viroid which is pathogenic 
for animals or phytopathogenic . 

25 

121. Use according to one of claims 114 to 120/ where 
segments of the dsKN?^ are in doxible- stranded form. 

122. Use according to one of claims 114 to 121, where 
30 one strand of the dsPNA is convplementary to the 

primary or processed RNA transcript of the target 
gene. 

123. Use according to one of claims 114 to 122, where 
3 5 the cell is a vertehrate cell or a human cell. 

124* Use according to one of claims 114 to 123, where 
at least two dsRNAs which differ from each other 
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are used, wHere at least segments of one stran^i of 
each dsFNA axe conplementary to in each case one 
of at least two different target genes. 

S 125. Use according to claim 125, where one of the 
target genes Is the PKR gene. 
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